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(57) Abstract: 

PURPOSE: To obtain a semiconductor device including 
an active layer having low lattice mismatch rate with 
respect to a GaN based growth layer in which the band 
gap can be decreased while suppressing increase of the 
lattice mismatch rate. 

CONSTITUTION: A GaN butter layer 2, an n-GaN layer 3, 
an n-AI 0 . 15 Ga 0 85 N clad layer 4, a GaN^YPY active layer 
5, a p-AI 0 i 5 Ga 0 85 N clad layer 6, a p-GaN layer 7 and a 
p-GaN-j.YPY contact layer 8 are formed sequentially on a 
sapphire substrate 1. The lattice mismatch rate rate of 
the active layer with respect to the Al 015 Ga 085 clad 
layers 4 t 6 is decreased by employing GaN^YPY as the 
material of active layer. Good ohmic characteristics are 
attained while suppressing increase of the lattice 
mismatch rate with respect to the p-GaN layer 7 by 
inserting the p-GaN^.YPY contact layer 8 between the 
p-GaN layer 7 and a p-side electrode 9. 



..A.OKwriS&JB 



COPYRIGHT: (C)1996,JPO 



-1- 



(19)B#H#ffJT (JP) (12)^^#B Z F^# (A) (ll)ttffttt*&H»* 

#^¥8-316581 

(43)^HB ¥^8^(1996) 11^29B 

(51)lnt.Cl. 6 IttSUfH-^ frl*!iEJl## FI SffiS^fgflr 

HOIS 3/18 HOIS 3/18 

HOIL 33/00 H01L 33/00 C 







*BI* §fjfcJS©ffc4 OL 


(±6H) 


GOWKS* #S¥7-120281 


(71)ffl«A 


000001889 












(22)fflSB ¥fi£7^(1995) 5^18B 




AfigJfr^ □ Ttf^Clg^a 2 T S 5 1 






(72)»9i# 


m mm 








^cEflW □ rfrj^Rg*® 2 T B 5 1 














(74)ft3A 


#S± #A 




(54) iftwvzm *m<*mw&j:zfi¥m#&ytm? 



(57) [K»] 

[BW] G aN*j«ftJBte^rs»^aE#*A*/ha 

Hftjft] *77-f7Sfil±l:GaNny7ri2, 
n-GaN|3, n-A 1 0 . fS Ga 0 . 8 i N^77 KI 
4, GaN,., P, gtt§5, P-A 1 0 . , 6 Ga 0 . bsN 
it^V KB 6, p~GaNJl7;feJ;tf p-GaN,., P 

GaN,., P, ifflV^itl:i{)A],. ll Ga D , ll N 

<t"^o p-GaN,. T P T 3>^^7 H8Sp-Ga 
N»7 tp«««9 toniCffAf *dt»CJ:0, p- 
G a Ng 7 t©*^aE-&*©»*ft«I«9U^o 



9-p film 



.p-GflM 1-T P T hJf 
„ 6 .p-Alo.15 Ge 048 N £ 9 ? KJV 

-3 -n-GaH ® 
-2.bN/t?7 7 j| 



_l.*7r<rrafitf 



( 2 ) 

1 

A©^&< £<b 1-3 #y£A, 

M*m2] #U£A, 7;i'$-<?A*S«klM>^ 
AC9'>&< it 1 n^tflftWifrt, 2PJC7A, 

[»*3B3 3 #y>}A, 7;i'5-^Afe«tI^-f >^ 
A©4>&< £fc 1 -3 *^-ttftflS«**flc*» 
aafcJRrP&fe^T. #U£A, T;U5z:<>A43J:^> 

[Wj£*4] jJiJUA, TJl'S-'JAiSJ;^^^^ 

¥»#£miHmSi:©fB]tC^Uf A, 7Jl-3r>>A*J: 
iPf >5^A©4>;&< £*> 10, &5it*5«kI*j»€:-&ifiB 

[0 0 0 1] 

MJ8±©*Jffl»»] #«9itt, GaN OCftjtru^ 
A) , A1N (S-ffcT^S-^A) fcKliliiN (£ 

[0 0 0 2] 

ISttlOtmtl/TGal 
nN^fflViTV^. 04teft*©G aNMfi^)t^ 

K©*ifi&^-r^f®S'r**. 
[0 0 0 3] H4fci43V>T, -V-yyfT (Al, O, ) 
Sffill_t(C> GaN/^77112, n-GaNil 40 
3, n-Al 0 .iiGa 0 .iiN^77FIl 4 , Ga 09 4 
I n,. o, Nfg14H 1 5, p-A]o..«Ga 0 .. l N^5<> 
KB 1 6 43iO:p-GaNS 1 7 *i)(UC^$nTVi 

p-G aNJI 1 7^£> n -G aNJl 1 3 ©±95SS^ 
iT*»Xyf>ifSn, p-GaNH7©±Il:p(U 
til 8*iJEMK£tt> n-GaNll 30±SCnfll 
gl 9*tJgjScSnTV»S. 

[0 0 0 4] 04OfJt^-ft- KTtt, G a,. I n 
.... NSttll 5£n-A 1.. ,, Gab... W?yy FS 
1 4*5ck^p-A ],.i,Ga,.„N^7yHIl 6 -Tffe*£ 50 



&M¥8 - 3 1 6 5 8 1 
2 

A;WM7B|||lCpnS^fttl. Wfi^&Kf* 
[0 0 0 5] 

,., In, NSfflV^TVi^. Ga,-, In, N©A>K. 
[0 0 0 6] 

E, =3. 44-1.49X -(1) 

XliGa,., In, N4 1 © I n ©*gjKifcT& 
3. iS (1) Ga,., In, NO/^H*t9^ 

E, £3. 3 5 e V£"T?>fcJ6»t«, I ni!Sj&i£X£ 

o.o6 £-r&&g#<fe&. 

[0 0 0 7) Ga,., In, N ©te^ftSSc a 

a = 3. 19 + 0. 35X — (2) 

5t (2) Ga,., In, N4 3 © I n&B.££fcfcX#* 

0. 0 6©££, &ttfka\Z3. 2 11tft§. 
[0 0 0 8] flfc*. fE*OGaN*S!3t^<*— HT? 

US. Al, Ga,., N©t&TffilSS:b«^!StCJ;l9*Je> 

[0 0 0 9] 

b=3. 19-0. 08Z — (3) 

Kin, i6 t*rrs«ttJi 1 5 ote^m&mz 

(3. 1 7 8-3. 2 1 1) /3. 1 7 8=- 1. 0 4 
[%] £&£. 

[0 0 10] Z.<D^\Z. fiE*OGaN*SBt^-f 
KIC&WTte:, jfttiOWRtbTGa,., In, N* 
IHTViSOT?, Al, Ga,., 7 y KJKCtt-TS 
ffittJl©*&^e-&35a**£<. »T*:MW»*v»fcv^ 
rag****. 

[0 0 11] mz. «*OGaN3RSW£^<*-HT? 
tt, «-ao3t*8ft*A.<**"*"*fc«>C I nMltX 

LTSttS H^t 7 7*«:*$ < t5 i. 
Ga,., In, NOftfJEfta^SOiD. Al, G 
a,., N»fc«f** ; f^»'&*3&«^:#<«C*. -tnt: 

[0 0 12] iitriaWtOWTt-Sy^ 

£T*S;«l*/h;£<'r*::£*«3SbV». ■*-©&«>, ± 
E©fi£*©583t^-f KTtt, p«tt® 1 8 ip-A 
l,.,.Ga 0 . 11 Ni777KIl 6t©rai:p-GaNl 

[0 0 13] *^^©S65«, GaN, A 1 NfcL,<« 

i nNifc«£tis©«i*^e.^s«s®tr*f-rs*&T 



( 3 ) 

3 

[0 0 14] *%Bjo^©@W«> tt^tt-e-*©** 

[0 0 15] #$Sf§©flS©B«tt. teT^fi-g-BSSCDtg* 

[0 0 16] *^©$5l:ffi©B»H GaN.Al 10 
NfcKHI nN3^tt£tt&©Sil^&te*J*JfcJifc 

[0017]' 

»*^trSfi¥*#i©^P*16frSfe*¥airaJiS 20 

[0 0 18] JR2CD»WJC****#««tt» 2fU«> 
A, ~^ A&cfc £M">i^A©'>fc< £t> l^ 

©T&-5. 

[0 0 19] atSOJS^KflR*******^^. 2PJ 
?A, 7JU5=9A*J:CX-f >5?^A©^»:< £*> 1 

5!fU^A, ^A&itf-f >v ? ^A©^< tfe 

[0 0 2 0] JS 4 #'J^ 
A, TJUSn^A^i^-f >5?£A©4>fc:< £% 1^£ 

<j7A, T;U5— ^A*«J:^-f >^£7A©*J>&< £*> 1 

3>^^7 MS^fefcOTSS. 40 
[0 0 2 1] KC, p^)lT«n^Sltlt^.T^-V'JT 

[0 0 2 2] 

HWB] *l©BEfc«*¥*<*£11K:*V>Ttt, 

£A» 7;i/5n^A*5.fc^'f >5>£A©^fc 

tfA*J:tf-f>S>«>A©^fc<i:%>l "3," 50 



^I^F8 - 3 1 6 5 8 1 
4 

4H»#£fi|&¥##£©» : f*«E'&*#/hS<, 
[0 0 2 3] SKfc, SA¥Vfl"f*®MOttJSit«tt^iC 

[0 0 2 4] ft2 0£Hlcff«¥*tt£BK:«»Ttt. 
JStt«W*»3tf' J 7JW5=9A*J:t*f >5*>A© 

S^AWtf'f >5?WO^ft< it lo, giStfeJ; 

t ©^t- P «3g tc J: 0 flT 

[0 0 2 5] S&. S»¥*#:»f©*©aia6tb*fll*»K 

££>©Tf. *^>FSE^*©JB*S«HWL:Pt>, ^\5=-d« 
iS©;^> y :t*©S£;*:# < T£ z. ta»Tr*s. 

[0 0 2 6] ^3©^IC^S¥»#:^^IC*3V^T 

J:D^fi£$nTV^©T, #U^7A, 7;i/S^£A43,fc 
&Si*ftJifc*rt-*5Kt««©»WSE-&**«/hS<', 

[0 0 2 7] SA¥*#4>©«©«U£it«l[^ic 
#5©T?> teT?Ffi-&*©ii*£«J*!lL:30, %%<Ktt 

9, wizajmytzwrn ta^mtfrs. 

[0 0 2 8] *4©»Wfc«*¥*#:«MK;BVvrtt. 
l"3**trSEflS«***i««t©WK^'; !)A, TJP 

ttJras-e-*«fJtT-5-©A> h'^A- y <-rsc t 
*»t?#*©T, »^SE**©*B^:*«HWL"3"3A»*: 

[0 0 2 9] 

y< h ©«js^^-r8ff®0T* 

[0 0 3 0] iaitC*3V^T> ^yy^T (Al, O, ) 
*tRlJtfc, JPc? 2 5 OAOGa N/Vy 7?12, JP$ 
4Mm©n-GaNl3, f$0. 5~l«m©n-A 
l,,„Ga 1 .,,N^72/Hl4, i3i:Z^Jl$2 0 0 A© 
GaN,., Pt jStt»5*«)Rfc»rit$nTVi*. n-G 
a Ni 3 43 J;I/n — A l,. ll Ga,.,,Ni77i/HS40 
^•^UT51SttV^-rn ! b2 X 10" cm-'m 

[0 0 3 1] GaN,., P, Stt^Silttt. *S0. 



( 4 ) 

5 

5 ~ 1 /imOp-A 1 o. it G a,. > ( NZ> yy Y-M 6 , P 
£0. 5~lMmOp-GaNl7, fei^O. 1 
~0. 5tnn©p-GaN,., P, 3 h® 8 WW 
tCJgfifeSnTV^. p-A 1.. .i G a 0 . ». N^77-y KJf 

6 *5±I/p - G a NS 7 <D**r U T^^V^nfe 1 X 
10"cm- ! m 3in£>©JI2~8te, MOCVD 

[0 0 3 2] p-GaN,., P, 3 hJI 8t^£> n 

Ei = 3. 44-0. 66Y-14. 
Z.Z.~C> YI4GaN,., P, ^©POffi^tkT^S. i£ 

(4) GaN,., P, CO^K^y^E. £ 

3. 3 5 e Vi-T^fc&ClWu GaN,., P, 4>©Pffi 
j&itY£0. 0 0 6ttn«i^ GaN,., P 

, ©*&^igca«^{c«kf3*se)e»n^. 

[0 0 3 5] 

a=3. 19 + 0. 66Y -(5) 
L&^bt, 5£ (5) GaN,., P, 4>©P*&J& 

tfcY^O. 0 0 6©££<E>teT5£&ate3. 1 9 4 £fc 
3. Al, Ga,., N^7 7 HPICM-T^G 20 

aN,., P, (3. 17 8-3. 19 

4)/3. 1 78X100 = -0. 5 [%] 
[0 0 3 6] Z.<DX^\Z, ?SttJl©*m<kbTGaN 

,., p, *m^1tm'&\z\*,mtn>\ t *r*ry'J'e>Ga 

,.x In, N^fflVifeti-g-lCtt^T, Al, Ga,., N 
•5. 

[0 0 3 7] 02 (a) tCGa,., In, N + OInS 
fiLVcXtny H=ft-^E, tCOM^Sr^b. 02 
(b) KGaN,., P, $><DYl&&LitY t^V^-Ty 30 

[0 0 3 8] 02 (a) 43«fctfc£ (1) *»6» Ga,., 
In, NT?I1 /^>H=¥^y ^E.€r/jN$<-r-&fcJe>tt 
I n8&fi&i£X£&-5*lS*#< bfcW-nfcSfcSfc 
V». I ni&/£fcfcX**£ 5* (2) A^Ga 
,., In, N©*&^5£&a2)<*#<fcrK Al, Ga 

[0 0 3 9] — >5\ 02 (b) £>J:tf5S: (4) G 
aN,., P, -m, A>h^t7^E, #Pififi!cl£YCQ 

2>. Z.<Dm&. (5) ^e,GaN,-, P, ©te^JfegC 
ate&t/viimjzVfS.^. Vfrtf-oT. Al, Ga,., 

KJ§K#i-£te^&^*©^*£#PfMb^G 
aN,., P, CD/O^+^yE, $r/h$<-r^Zli:* < 

[0 0 4 0] £©«fc?l::. flttlOffliLTGaN 
,., P, £fflV>£t, WficDftfcfg^S-tfSfc&lCPm 
fi£tbY^^trtiJn^-B-T^>H^ J p>y^^/h^< L-T 

fe. ai, Ga,., N^7-y FBttsrrste^e^-* 50 



^^¥8 - 3 1 6 5 8 1 
6 

-GaNm3<D±&mm£.-ctf*y?>?2rL* p-g 

aN,-, P, ^>*i7 hS8<D±ffi\ZH i /Aui^ft 
5pflJSffi9*^j££:fU n — G a Nil 3 <£>±@IC A 1 
fr£>&3nfl!l*gl 0 2«£2ttTV>-5. 

[0 0 3 3] #f&&£0tj©^7t^-f FKS^Tte, S 
IIISfflWirltGaN,., P,**S^e>nTV^. 
GaN,., P, ©/tVH^t^E, tt&SCfcJ:?)** 

[0 0 3 4] 
1 0 3 Y (1 -Y) — (4) 

[0 0 4 1] 0 3 \ZG a I nN&JltfG aNPWS 

«k-5lC, GalnNtlt F** y 7**fatS < fcS 
t. te^femW&Vi%tt2>&^ GaNPTli A> 

F*f V < ft?T *>» *^iHfc©«**«/hs V» 

[0 0 4 2] Lfc^T. **»«©563tt^-f *-KTT 
tt» GaN,., P, i§ttJ15©P»JfcifcYft/Jv&<"*-S 

£. ft*, GaN,., P, 5 * lC Z n , CdfO 

[0 0 4 3] *3WS«©»ty-f*-F-cr4, p 

-GaN!7i:pffllI9i:OKl:p-GaN,., P, 
Mg8d*#A^nxVi-5. GaN,., P, T? 

G aNl£^^&t&^^SIl3^fcf5£A/£:i : B7\b;& 

[0 0 4 4] ilEmS^JO^y-f *- Htli P-G 
aNl7tPfSS9iOWtp-GaN,., P, 3> 
^ hJ18#Jf A^nXUS^, p-GaNI7»^ 

JO-T-Sp-G aN,.,, P,, frt>UZ>~3>5>9 hM^M^ 

[0 0 4 5] _hfS0«S0!l ©fifty FT«, 

GaN,., P, ffitti*Al, Ga,., N^5yK«»C 
WbTS^tt^ffi^-S-e-TVi***, GaN,., P, J&tt 
g*«'ft&0^fiSfc>^bTS^^FS-&T«> «fc 5 ICG a N 
,., P, fSttStpWPffi^tkY&S^bTfeiu. 

[0 0 4 6] ±E*H«©B#^-f *- Httn-AIG 
aN/7> \*—ZfG aNP/p-A 1 GaNA^SSy 
^;P^D«l3g&WL/TV^*«, n-GaInN/7> 
H-7"GaNP/p-Ga I nN*e.&5^JKfn 

[0 0 4 7] Sfc, p-GaNP/n-AlGaN, p 
-GaNP/7>F- 7"GaNP/n-Al GaN, p 
-GaNP/n-GaNP/n-AlGaN, p-Ga 



( 

7 

NP/7>H-7 p GaNP/n-GaNP/n-A 1 G 

p m & m \z l ft •> y ?)v^t d mm. <d&% =*- k * 

[0 0 4 8] *fgBJtt. ^|&©l§Mg*5J:^l 

w&ytm=?-\zhmm-rz>z. c: (a 

1, Ga, In) N,.,, P,,#FHi: (A 1 , Ga, I 

n) n,.'„ p,>m&m °ii&'?&z>> 

fzh. Y2>Y3S0tJ&5. (A 1 , Ga, I 

n) H> A 1 > Ga, I n £#:te;Ln£<E>21li£S*5 

[0 0 4 9] ±IH*IS^JT«. GaNMSI^ftS 
fgft^-f *- \ : \Z-O^T®.mVtztf. #f£BJte, Ga 

•5. 

[0 0 5 0] ft£7L\*> *&Wlt, GaN, AINfcb 

»3t ^-r *- i* . v— 9 m=f-m<D*mfr5tytm=f- 

TGaNP, A 1 NPfcKttI nNP£fcte;itl£>© 

^^®©^--5^i7^>^^ M©#»itTGaN 
P, A 1 NPfcKIJI nNP*fcttCine.CD^lftSrffl 

¥m#gytmT&&& : t<Dme)¥m&mmzhmm 

[0 0 5 1] (Al, Ga, In) 

N,., P, miZtS^T, P*iHj£ttY#0<Y^0. 3 5 
©«eHrtlC$)«)t#lCA>F=^ J t">7 r ^0^e 3. 4 4 
ST^MbU £fcY>0. 3 5 ©ti-g-lCtete^f 

l/fc^T, PS&fi£tt«0<Y^0. 3 5 
T»*^t*»a*bV». (Al, Ga, I n) N 

,., p, \ t <Dy£m.&hm<D*— 57^3 

y£4$te£#0^#£giST?#£«k'5K:, 0<Y<0. 
[0 0 5 2] 



5 ) #M¥8-3 16 5 8 1 

8 

[0 0 5 3] ?&2<D5£W\z£mZ, ft^f 

[0 0 5 4] S6 3©38W::J;fttt, #<J£A, 

[0 0 5 5] JS4©*f!teJ:ft«» ^'JCA, t;ps — 

£ A*J:tf-r > W koypft. < 1 1> l -p^trgfk*^ 

fiffft 5. y Z *H£ H t pJltEfc:*- 5 y £ 3 

20 [BI5©tt*ftK9l] 

[01] #5£9I©— ^Jffi0dfcJ:«GaN^^^'f^— 
h' ©HljfiS 0T &5 

[02] Ga,., In, N + © I nSBjStfcX trt> 
^<>^E. t©M^^^-T043«fc^G aN,., P, + © 
Pifaj&JtYt/^K^yT'E, i:©II$«£*T0T& 
5. 

[0 3] G a I n Ni5 i^G a N P I:* WS/O t 
/tS* i ©IS«£^T0T£>3. 
[04] ft3fc©GaN^Sgft^:*-F©#§i££^-r8'T 
30 ®0T<&£>. 
[«Mt©t&BJ§] 

1 f7 7-f7S« 

2 GaNA777l 

3 n-GaNJg 

4 n-Al,.,,Ga,.,,Ni'7-yHB 

5 GaN,., P, fgttJf 

6 p -A 1 o. ii G a 0 . ii N£ 5y HS 

7 p-GaNJl 

8 p-GaN,., p, lyzvym 
40 9 p >$mM 

1 0 nfiJ«S 



#M¥8 - 3 1 6 5 8 ] 



[HI 3 



[B2] 



(a) 



„8.p-GaN«PT ziVfthm 
.7.p-GBN/i 

, 6 .p-Alo.u Ga a« N 9*7V KM 
^.iHUcisGrcueN 



Eg 
CeV) 



2 - 



GawlnxH 



J L. 



I r I i i 



0.2 



0.4 0.6 
KnlBftJt I 

(b) 



0.8 



loK 




PttJStfcfc Y 



[H3] 



14] 



GaloH 



CMP 



2.5 

/OKfty^ (eV> 



3.5 




17.p-GAN » 

16.jHUc.u Ga ojb N KJB 
15.G&0.M In cob N TgfeM 
H.n-Aio-i5 Gao*N ^7? KM 
n 1 



m , 13-D-GeN JB 



